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[57] ABSTRACT

The process for producing a clear solution of alkali
metal silicate having an Si03/alkali metal oxide weight
ratio of 2.5 or less which comprises passing an aqueous

solution of an alkali metal hydroxide through a bed of
crystallized silica having an average particle size of

between about 0.1 mm and 2 mm formed in the bottom
of a vertical tubular reactor without mechanical agita-
tion, said silica and alkali metal hydroxide being fed
from the top of the reactor, and recovering the resulting
clear solution of alkali metal silicate from the bottom of
the reactor.

14 Claims, 1 Drawing Figure
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PROCESS FOR PRODUCING SOLUTIONS OF
ALKALI METAL SILICATE IN A STATIC

REACTOR

TECHNICAL FIELD

The present invention concerns a process for produc-

ing solutions of alkali metal silicate by reacting silica
with an alkaline solution.

BACKGROUND OF THE INVENTION

The process for producing alkali metal silicates by
alkaline fusion of silica is well known, in particular from
“Soluble Silicates™ by J. G. Vail, Reinhold Pub. Corp.,
Vol. 1, p. 6 (1952). This process is still virtually the only
process used today for producing alkali metal silicates.

Another well known process 1s the autoclaving of
silica with an alkaline solution. Thus “Gmelins Hand-
buch der anorganischen Chemie,” Vol. 21 (1928), p.
861, discloses work of Liebig (1857) and other authors
along these lines, but these processes only produce sili-
cates that are too rich in sodium hydroxide for indus-
trial use.

Patents such as British Pat. No. 788,933 show the
advantage of a process working at a temperature be-
tween 175° C. and 320° C., whereas alkaline fusion
requires temperatures near or exceeding 1,300° C.

U.S. Pat. No. 3,971,727 describes the production of
alkali metal silicates in aqueous solution under pressure
at a temperature of between 138" C. and 210" C,, but is
necessary to agitate mechanically and to filter the prod-
uct. The process involves fairly long reaction times, the
presence of by-products in the reaction product, and is
thus not a commercially feasible process.

European Pat. Nos. 33,108 and 33,109 also disclose
processes for the production of sodium silicates, but
these processes also require agitation and filtration of
the suspension.

A process for reacting silica with an alkaline solution
to produce alkali metal silicates which can save energy
1s of considerable value. In order to produce alkali
metal silicates economically and save energy, the pro-
cess must produce solutions of silicates sufficiently rich
in Si0; which can be directly used commercially. For
example, in the production of sodium aluminosilicates
(type A zeolites) and for the detergent industry, sodium
silicate having an S103/Na;O weight ratio near or
greater than 2 and, at most, equal to 2.5, is required.

DESCRIPTION OF THE INVENTION

The process of the invention comprises feeding crys-
tallized silica of an average particle size between about
0.1 mm and 2 mm and an aqueous solution of alkali
metal hydroxide, such as sodium hydroxide, into a verti-
cal tube reactor. Control of the temperature and rate of
feed of the reagents, as well as of the concentration of
the alkaline solution, ensures production of the product
in the concentration and in the S10,/Me;O weight ratio
desired.

The applicants’ process not only meets the above
conditions but in addition permits:

the use of quartz sands of larger particle size rather

than of silica flour, resulting in a saving of grinding
energy,

the absence of agitation of the sand-solution mixture

while at the same time ensuring a good transfer of
reactive mass-sand-reaction product,
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obtaining the solutions in an apparatus especially
designed for this purpose and without the necessity
of filtration, and

the production of alkali metal silicates of the desired

elevated S10,/Me>O ratio.

The process of this invention results in a considerable
simplification of the installation, along with great flexi-
bility of use, and hence, an appreciable reduction in
investment Costs.

The silica used 1s a quartz sand the particle size of
which may not be less than about 0.1 mm, because of the
pressure loss of the system. The silica should not have a
particle size greater than about 2 mm, so that the speed
of the reaction will not be significantly reduced. An
intermediate particle size such as 0.3 mm to 0.8 mm is
preferred. |

Although the same reaction may take place in the
presence of alkaline solutions other than aqueous solu-
tions of sodium hydroxide, sodium hydroxide solutions
are preferred industrially. These last alkaline solutions
should have a metal oxide (Na;O) concentration of
between 8.9 and 28.6% at the onset of the reaction with
the silica. In effect, too great a dilution leads to solutions
of sodium silicate which would not be directly utilizable
for industrial purposes, and too strong a metal oxide
(NaxO) concentration produces plugging in the bed of
sand through formation of crystals of sodium disilicate.

The reactor 1s fed at the top, and the reaction takes
place within the bed of sand which simultaneously
serves as source of silica and as a filter. This ensures a
good transfer of material and the production of a clear
solution of alkali metal silicate.

The inner part of the reactor, in contact with hot

alkaline solutions, is made of a corrosion-resistant metal
or alloy. Nickel is very suitable for this purpose but

ordinary steels, such as those used for boilers, may like-
wise be used, especially if the alkaline solution is treated
with carbonate as recommended by French Pat. No.
2,462,390, The reactor is equipped with a metal grate or
wire gauze in its lower part in order to retain the sand,
or with any other device suitable to support the sand
and create a minimal pressure drop. This section of the
reactor (the grate) determines the rate of passage of the
solution through the silica. This rate should be between
about 2 and 15 m/hr. Too low a rate permits neither
sufficient productivity nor a proper transfer, and too
high a rate leads to a pressure drop such that control of
the reaction is not possible. The sand in the reactor
likewise plays the role of a filter, with a minimum level

of sand and leads to perfectly clear solutions.
‘The S10,/Na>O weight ratio and the rate of reaction

are functions of the temperature in the reactor bed. The
reactton bed temperature should be between about 150°
and 240° C. in order to permit sufficient reaction of the
silica and control of the reaction. As the reaction 1s
slightly exothermic, it is needless to heat the reactor. On
the other hand, the alkaline solution should be intro-
duced at a temperature such that the temperature in the
reactor 1s maintained at the desired temperature. The
temperature of the alkali metal silicate products is suffi-
cient to ensure concentration of the solution, and/or for
preheating of the reagents.

A preferred embodiment of the process pursuant to
the invention consists of forming the aqueous solution
of alkali metal hydroxide entering the reactor in such a
way that no outside supply of heat energy is necessary.
This can be advantageously accomplished by using the
calories or heat available 1in the alkali metal silicate
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solutions leaving the reactor for separately preheating a
concentrated aqueous solution of the alkali metal hy-
droxide and the water used to form the alkali metal
hydroxide solution. The calories or heat furnished by

the exothermic dilution of the concentrated alkali metal 5
hydroxide by the water for forming the alkaline solution
entering the reactor are also used for preheating the

alkaline feed solution.

It is possible to obtain clear solutions of sodium sili-
cate containing 35% by weight to 46% by weight of 10
sodium silicate with no outside supply of heat energy.

The particularly advantageous result of the process
of the invention in its preferred embodiment lies not
only in the savings of heat energy realized by the mode
of operation within the framework of the invention, but
also in the fact that clear solutions of alkali metal sili-
cates can be economically obtained which are directly
usable in industry.

FIG. 1 is a schematic illustration of the equipment
and the process corresponding to the preferred embodi-
ment of the invention.

Silica, for example a quartz sand, drawn from storage
containers is continuously fed through the duct 1 into
the top of the reactor 2 at a pressure greater than atmo-
spheric pressure. The bed of sand that forms in the
bottom of this reactor 1s supported by any device, not
shown 1n the drawing, suitable for supporting the sand
and presenting a minimal pressure drop, such as a grate
or wire gauze screen. The grate or wire gauze should be
of sufficient mesh size to support the bed of sand of the 30
particle size being employed but, of course, capable of
permitting the metal silicate solution formed to flow
through for collection.

A concentrated aqueous solution of an alkali metal
hydroxide, carried by the line 3, is preheated at 4 by
indirect heat exchange with the alkaline silicate solution
circulating in the line 5.

The alkali metal hydroxide is then diluted homoge-
neously at 6 by water carried by line 7 and the water is
itself preheated at 8 by indirect heat exchange with the 40
alkali metal silicate solution circulating in the line 9.

The alkaline solution thus obtained enters the top of
the reactor 2, above the bed of silica, through the line
10.

The solution of alkali metal silicate which comes out
continuously at the bottom of the reactor 2 through the
lIine 11 is first divided in the lines 5 and 9, and becomes
a single stream again in the line 12 after being used for
preheating of the concentrated alkaline solution at 4 and
of the water at 8. The final solution is evacuated, for
collection, through line 12.

The following examples, given as non-limitative,
illustrate the process of the invention. Examples 9 and
10 illustrate, in particular, the preferred embodiment of
the invention.
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EXAMPLE 1

A charge of 53 kg of quartz sand of 300 micron aver-
age particle size is introduced into a vertical nickel tube,
heat-insulated and having an inside diameter of 90 mm
and a length of 6 m to form a bed at the bottom of the
reactor on a porous support. An aqueous solution of
sodium hydroxide containing 19.6% by weight of NayO
is passed through the sand bed for 1 hr 20 min at a rate
of 50 1/hr. The temperature of the reaction is main-
tained at 225° C. A solution of sodium silicate contain-
ing 194 g/1 of NayO and 485 g/1 of SiO; is collected
from the bottom of the reactor. The sand which has not
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reacted remains in the reactor, which is recharged with
fresh sand for the next reaction.

EXAMPLE 2

A vertical nickel tube, heat-insulated, having an in-
side diameter of 90 mm and a length of 2 m, and a suit-
able porous sand supporting grate at the bottom, is

continuously fed from the top with a quartz sand of
300p average particle size at the rate of 22 kg/hr and a
hot aqueous solution of sodium hydroxide containing
11.2% by weight of Na,O at the rate of 69 1/hr. The
temperature of the reaction is maintained at 220° C. The
silicate solution formed at the bottom of the reactor
contains 125 g/1 of NaxO and 306 g/1 of Si0a.

EXAMPLE 3

27 kg/hr of silica are continuously introduced into
the top of the reaction tube of Example 2 together with
an aqueous solution of sodium hydroxide containing
17.6% by weight of NasO at the rate of 50 1/hr. The
silica 1s a quartz sand of 850u average particle size. The
temperature of the reaction i1s maintained at 218° C. The
silicate solution formed at the bottom of the reactor
contains 175 g/1 of NayO and 429 g/1 of Si0O;.

EXAMPLE 4

8.4 kg/hr of silica are continuously introduced at the
top of the reactor of Example 2 together with an aque-
ous sodium hydroxide solution containing 19.6% by
weight of NayO at the rate of 33 1/hr. The silica is a
quartz sand of 300u average particle size. The tempera-
ture in the reactor 1s maintained at 160° C. The silicate
solution formed at the bottom of the reactor contains
197 g/1 of NazO and 200 g/1 of SiOs.

EXAMPLE 5

25 kg/hr of silica are continuously introduced into
the reactor of Example 2 from the top together with an
aqueous sodium hydroxide solution containing 23.4%
by weight of NayO at the rate of 40 1/hr. The silica is a
quartz sand of 300u average particle size. The tempera-
ture in the reactor is 190° C. The silicate solution
formed at the bottom of the reactor contains 226 g/1 of
NayO and 454 g/1 of SiOxs.

EXAMPLE 6

Silica, at the rate of 23 kg/hr and a solution contain-
ing 14.9% by weight of Na;O and 20 g/1 of Nay;COs3 at
the rate of 50 1/hr of solution are continuously fed into
a steel vertical tube reactor, equipped with a double

jacket and having an inside diameter of 90 mm and a

length of 2 m and suitable sand supporting porous grate
at the bottom thereof. The silica is a quartz sand of 300u
average particle size. The temperature of the reaction is
maintained at 218° C. The silicate solution formed at the
bottom of the reactor contains 160 g/1 of Nay;O and 384

g/1 of S10.
EXAMPLE 7

21 kg/hr of silica and an aqueous sodium hydroxide
solution containing 16.7% by weight of NayO at the
rate of 50 1/hr are continuously fed into the top of the
reaction tube of Example 2. The silica is a quartz sand of
130 average particle size. The temperature of reaction
1Is maintained at 190° C. The silicate solution formed

contains 165 g/1 of Na;O and 338 g/1 of SiO:.
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- EXAMPLE 8§

31 kg/hr of silica and an aqueous solution of potas-
stum hydroxide containing 26.7% by weight of KO at
the rate of 50 1/hr are continuously fed into the top of
the reaction tube of Example 2. The silica is a quartz
sand of 300u average particle size. The temperature of
the reaction 1s maintained at 195° C. The silicate solu-
tion formed at the bottom of the reactor contains 264

g/1 of K;O and 462 g/l of SiO.

EXAMPLE 9

13.3 kg/hr of quartz sand having an average particle
size equal to 300u are introduced at ambient tempera-
ture into the top of a reactor made of a vertical cylindri-
cal tube of ordinary steel, having an inside diameter
equal to 90 mm and a height equal to 6 m, and having a
porous grate at the bottom suitable to support the sand
and permit flow of the metal silicate product there-
through. The entire installation 1s carefully heat insu-
lated.

Into the top of the same reactor, and above the bed of
sand, 33.6 kg/hr of a concentrated aqueous solution of
sodium hydroxide containing 19.8% by weight of Na>O
are introduced. The temperature of the hydroxide solu-
tion 1s 192° C.

This alkaline solution at 192° C. is obtained by the
homogeneous and exothermic mixing of 17.9 kg of a
concentrated aqueous solution of sodium hydroxide,
containing 37.2% by weight of NayO previously
brought to 171° C. by indirect heat exchange with the
sodium stlicate solution leaving the reactor at 188° C,,
with 15.7 kg/hr of water also previously brought to a
temperature 171° C, by a heat exchange with the same
sodium silicate solution leaving the reactor at 188° C.
The exothermic heat developed by the mixing of the
preheated concentrated sodium hydroxide solution and
the prehead water brings the temperature of the dilute
sodium hydroxide feed solution to its feed temperature
of 192° C.

The clear sodium silicate solution, produced at the
rate of 46.9 kg/hr, contains 42.6% by weight of sodium
silicate in which the S10,/Naj0O weight ratio is equal to
2.

EXAMPLE 10

Example 9 i1s repeated except that the sand i1s fed at
the rate of 25.5 kg/hr and the sodium hydroxide solu-
tion containing 21.4% by weight of NazO is fed at the
rate of 59.5 kg/hr. The temperature of the sodium hy-
droxide solution 1s 213° C.

This alkaline solution at the temperature of 213° C. is
obtained by the homogeneous and exothermic mixing of
34.27 kg/hr of a concentrated aqueous solution of so-
dium hydroxide, containing 37.2% by weight of NayO
previously brought to a temperature of 192° C. by indi-
rect heat exchange with the sodium silicate solution
coming from the reactor at the temperature of 207° C.
with 25.23 kg/hr of water also previously brought to
the temperature of 192° C. by the same heat exchange as
defined above. The exothermic heat developed by mix-
ing the concentrated sodium hydroxide solution and
water brings the diluted sodium hydroxide solution to
its feed temperature of 213° C.

The clear sodium silicate solution, produced at the
rate of 85 kg/hr, contains 45% by weight of sodium

silicate in which the Si02/Na;O weight ratio is equal to
2.
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The silica in the above examples was introduced into

the reactor at the pressure of about 30 atmospheres and
the grate support designed to provide a pressure drop of
less than O atmosphere.

We claim:

1. A process for producing a clear alkali metal silicate
solution having an SiOj/alkali metal oxide weight ratio
of 2.5 or less which comprises:

(a) establishing a bed of crystallized silica in a tubular

reactor, said silica having an average particle size
of between about 0.1 and 2 mm;

(b) introducing an aqueous solution of an alkali metal
hydroxide at the top of the reactor to react with a
portion of said silica bed at a temperature between
about 150° and 240° C. and at a pressure greater
than the saturated vapor pressure of the liquid
phase of the system at the reaction temperature,
said alkalt metal hydroxide solution traversing said
silica bed at a rate between about 2 and 15 m/hr:

(c) introducing fresh silica at the top of the reactor in
an amount to substantially replenish the portion of
the silica bed which has reacted with the alkali
metal hydroxide, the remaining unreacted part of
said bed being sufficient to filter impurities from
said silicate solution; and

(d) recovering the resulting clear alkali metal silicate
solution from the bottom of the reactor.

2. The process according to claim 1 wherein said

crystallized silica is quartz or silica sand.

3. The process according to claim 2, in which the
aqueous solution of the alkali metal hydroxide entering
the reactor 1s an aqueous solution of sodium hydroxide
containing about 8.9% by weight to about 28.6% by
weight of NayO.

4. The process according to claim 3 wherein said
silica particle size is between about 0.3 mm and 0.8 mm.

5. The process according to claim 4 wherein said
S102/NaxO weight ratio is between about 2.0 and 2.5.

6. A procgss for producing a clear sodium silicate
solution having an $10,/Na;O weight ratio of 2.5 or
less which comprises:

(a) establishing a bed of crystallized silica in a tubular

reactor, said silica having an average particle size
of between about 0.1 and 2 mm;

(b) introducing an aqueous solution of sodium hy-
droxide at the top of the reactor to react with said
silica bed at a temperature between about 150° and
240" C. and at a pressure greater than the saturated
vapor pressure of the liquid phase of the system at
the reaction temperature, said sodium hydroxide
solution traversing said silica bed at a rate between
about 2 and 15 m/hr;

(¢) introducing fresh silica at the top of the reactor in
an amount to substantially replenish the portion of
the silica bed which has reacted with the sodium

hydroxide solution, the remaining unreacted part
of said bed being sufficient to filter impurities from
said sodium silicate solution; and

(d) recovering the resulting clear sodium silicate solu-
tion from the bottom of the reactor.

7. The process according to claim 6 wherein said

crystallized silica i1s quartz or silica sand.

8. The process according to claim 7 wherein said
silica particle size is between about 0.3 mm and 0.8 mm.

9. The process according to claim 8 wherein said
S10,2/Na;O weight ratio is between about 2.0 and 2.5.
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10. A process for producing a clear alkali metal sili-
cate solution having an SiOj/alkali metal oxide weight
ratio of between about 2 and 2.5 which comprises:

(a) establishing a bed of crystallized silica in a tubular
reactor, said silica having an average particle size 5
of between about 0.3 and 0.8 mm; |

(b) introducing an aqueous solution of an alkali metal

hydroxide at the top of the reactor;
(c) introducing at the top of the reactor an amount of
fresh silica which is substantially stoichiometric to 10

the introduced hydroxide solution;

(d) reacting said alkali metal hydroxide and the intro-
duced or bed of silica at a temperature between
about 150° and 240° C. and at a pressure greater
than the saturated vapor pressure of the liquid 15
phase of the system at the reaction temperatures,
said alkali metal hydroxide solution traversing the
bed at a rate of between about 2 and 15 m/hr, and
said introduced stoichiometric amount of fresh
silica being sufficient to replenish that which has 20
reacted with said alkali metal hydroxide so as to
maintain the bed of silica, with the remaining, unre-
acted part of said silica bed being sufficient to filter
impurities from said alkali metal silicate soution;
and 25

(e) recovering the resulting clear alkali metal silicate
solution from the bottom of said reactor.

11. The process according to claim 10 wherein said

crystallized silica is quartz or silica sand.

12. A process for producing a clear sodium silicate 30

solution having an Si02/Na>O weight ratio of between
about 2 and 2.5 which comprises:
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(a) establishing a bed of crystallized silica in a tubular
reactor, said stlica having an average particle size
of between about 0.3 and 0.8 mm;

(b) introducing an agueous solution of sodium hy-
droxide containing between about 8.9 and 28.6
percent by weight of NayO at the top of the reac-
tor; )

(c) introducing at the top of the reactor an amount of
fresh silica which is substantially stoichiometric to

the introduced hydroxide solution;
(d) reacting said sodium hydroxide and the intro-

duced or bed of silica at a temperature between
about 150° and 240° C. and at a pressure greater
than the saturated vapor pressure of the liquid
phase of the system at the reaction temperatures,
said sodium hydroxide solution traversing the bed
at a rate of between about 2 and 15 m/hr, said
introduced stochiometric amount of fresh silica
being sufficient to replenish that which has reacted
with said sodium hydroxide solution so as to main-
tain the bed of silica, with the remaining, unreacted
part of said silica bed being sufficient to filter impu-
rities from said sodium silicate solution; and

(e) recovering the resulting clear sodium silicate solu-

tion from the bottom of said reactor.

13. The process according to claim 12 wherein said
crystallized silica is quartz or silica sand.

14. The process according to claim 13, wherein the
clear sodium silicate solution produced contains silicon
and sodium in a S103/NajO weight ratio equal to about
2.
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